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All the synthetic detergents and bile salts I have tried denature proteins 
such as hemoglobin and egg albumin at the isoelectric point  1 and keep the 
denatured isoelectric protein in solution.  Some detergents in sufficiently 
high concentration can prevent the precipitation of denatured protein by 
trichloracetic  acid,  tungstic  acid,  and  acid  ferric  sulfate.  In  fact,  the 
origin of the present investigation was the observation that a  detergent 
used to clean test tubes containing  hemoglobin  precipitated by trichloracetic 
acid dissolved the precipitated hemoglobin. 
The synthetic detergents and the bile salts all have the same general type 
of hydrophobic-hydrophilic  structure.  Each consists of a large hydrophobic 
part  with a  small hydrophilic part  attached to  it.  The detergents are 
extremely surface active and their hydrophobic groups can combine with 
hydrophobic  particles to give these particles a coating of hydrophilic  groups. 
Since the synthetic detergents and bile salts differ widely in their specific 
chemical structures, the denaturation of proteins and the solution of dena- 
tured protein by synthetic detergents and bile salts must be attributed to 
the one property these compounds have in common, their type of hydro- 
phobic-hydrophilic structure. 
There is a great variety of synthetic detergents available commercially 
partly because each type of detergent is patented and partly because by 
variation in the specific structures of the detergents, detergents have been 
developed which are particularly  suited for specific industrial uses.  Al- 
though the synthetic detergents were originally introduced as soap sub- 
stitutes their industrial uses are now very varied.  As soap substitutes and 
* A  brief account of denaturation by detergents was published in Science  (Anson, 
1939). 
x The isoelectric point of a protein is necessarily changed as a  result of combination 
of the protein with a  detergent, to what extent is not yet known. 
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as protein reagents the synthetic detergents have the great advantage of 
being soluble in neutral and in most cases in acid solution. 
The great differences between the  specific  structures of  the  different 
detergents are shown by a brief description of the detergents I have used. 
Unfortunately the manufacturers do not in all cases give complete chemical 
information about their products. 
The  Duponols  have  the  general  structure  CHa(CH2)nCH20SOsNa. 
Duponol 80 is the sodium salt of the sulfuric acid ester of octyl alcohol. 
Duponol Special  WA paste and its  dry form, Duponol ME  dry, consist 
mainly of the Cn compound which is called sodium dodecyl sulfate.  Dupo- 
TABLE  I 
Amount of Detergent or Bile Salt Needed to Denature 10 Mg. Beef Methemoglobin 
in 10 Cc. of pH 6.8 Solution 
Denaturant  Manufacturer  Amount of  denaturant 
Duponol Special WA paste ................. 
Duponol PC ............................. 
Igepon APex. conc  ....................... 
Arctic M  salt free ........................ 
Nacconol NRSF ......................... 
Igepon T  powder ........................ 
QB ..................................... 
Aerosol  OT .............................. 
Dupono180 ............................. 
Sodium glycholate  ........................ 
Sodium taurocholate (40 per cent)  .......... 
Du Pont 
Du Pont 
General Dyestuffs 
Colgate 
Monsanto 
General Dyestuffs 
Du Pont 
American Cyanamid 
Du Pont 
Merck 
Merck 
mg. 
2 
2 
2 
3 
5 
6 
10 
12 
20 
25 
25 
nol PC is a dried mixture of the C10-Cls compounds from which the unes- 
terified free alcohol has been removed.  The Duponols with less than eight 
carbon atoms are not effective detergents.  The Duponols with very long 
fatty acid chains are insoluble in water.  In the QB compound the COOH 
of the fatty acid has been replaced by a basic nitrogen group, in the Igepons 
by a true sulfonic acid group.  Nacconol, Aerosol,  and Triton are likewise 
sodium salts of sulfonic acids.  Their hydrophobic parts  all  contain ring 
structures.  Triton is peculiar in that its hydrophobic part contains carbon 
atoms joined by ether linkages.  Sodium glycholate is glycine conjugated 
to a sterol acid. 
As shown in Table I  the exact amount of detergent needed to denature 
beef  methemoglobin in  neutral  solution  varies  from  one  detergent  to 
another.  What  is  striking  is  that  in  all  cases  the  amount required is ur.  i,.  ANSON  241 
extremely small.  All the other substances which have hitherto been shown 
to denature neutral isoelectric hemoglobin act only in much higher con- 
centration.  Thus 8 ~  urea denatures hemoglobin slowly whereas 0.0008 
Duponol PC denatures hemoglobin rapidly. 
Of the substances hitherto shown to denature neutral hemoglobin salicy- 
late  is  the most  effective  (Anson  and  Mirsky,  1934).  Salicylate has  a 
hydrophobic-hydrophilic  structure but the hydrophobic part is much smaller 
than in substances with marked detergent properties.  It would be interest- 
ing to test derivatives of salicylate in which the hydrophobic part has been 
made larger. 
In the experiments summarized in Table I  the concentration of hemo- 
globin is 1 rag. per cc.  If more concentrated hemoglobin is used then more 
concentrated detergent is needed for denaturation.  This means that when 
just enough detergent is added to bring about denaturation a large part 
of the detergent is combined with the protein. 
The denaturation of methemoglobin in dilute solution by  the various 
detergents is followed optically.  Native methemoglobin is a  brown com- 
pound with a band in the red.  Denatured methemoglobin is a red com- 
pound with no band in the red. 
The red color of denatured methemoglobin in Duponol PC solution does 
not change with time and is the same whether the Duponol PC is added to 
methemoglobin or to oxyhemoglobin.  Thus the estimation of hemoglobin 
as denatured methemoglobin in Duponol PC is more satisfactory than the 
usual estimation of hemoglobin as acid hematin. 
The denaturation of hemoglobin by Duponol PC can also be followed by 
solubility and digestibility tests.  Denatured but not native hemoglobin is 
precipitated by 0.1 saturated ammonium sulfate and is digested by trypsin. 
Previous Experiments witk Detergents 
Viruses.--Sreenivasaya  and Pirie (1938) found that sodium dodecyl sul- 
fate splits the large tobacco mosaic virus protein into smaller pieces and 
separates the protein part of the conjugated protein and the nucleic acid. 
The splitting is still incomplete several hours after a  1.0 per cent solution 
of crystalline sodium dodecyl sulfate is added to an equal volume of 1.0 
per cent virus protein even at  pH  8.0.  At pH 7.0 the reaction is much 
slower still. 
If Duponol PC is added to mosaic virus under the conditions described 
in Table I the virus is quite stable although methemoglobin under the same 
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in general are more resistant to synthetic detergents than ordinary proteins 
and that the detergents can therefore be used for the separation of virus 
proteins from ordinary proteins. 
Sreenivasaya and Pirie  observed  further  that  tobacco mosaic protein 
split by sodium dodecyl sulfate and then dialyzed is precipitated by 0.1 
saturated ammonium sulfate in which the native protein is soluble but is 
not  digested by  trypsin which  digests  denatured  but  not  native  virus 
protein.  When  the  dialyzed  protein  is  reprecipitated  several  times  it 
becomes precipitable by ammonium sulfate in still lower concentration and 
becomes digestible by  trypsin.  Sreenivasaya and  Pirie  concluded from 
these observations that tobacco mosaic protein is not denatured by sodium 
dodecyl sulfate but that the protein part of the virus when separated from 
the nucleic acid part is less stable than the intact conjugated protein just 
as globin is less stable than hemoglobin and the prosthetic protein of the 
yellow enzyme is less stable than the yellow enzyme. 
The  evidence that  tobacco mosaic virus  is  not  denatured by  sodium 
dodecyl sulfate cannot as yet be considered as conclusive. 
Extraction of Visual Purple and ChlorophylL--Bile  salts have been used 
to extract the photosensitive pigment protein of the eye (Kii.hne, 1879) and 
to extract a chlorophyll compound from the chloroplasts of spinach (Smith, 
1938).  I have found that detergents such as Duponol PC extract chloro- 
phyll much more effectively than the bile salts.  It is now clear, however, 
that when bile salts and detergents are used to extract a protein, the protein 
extracted may not be in its original native undissociate  form. 
The visual purple extracted by bile salts has some of the properties of 
visual purple in the eye (Ktihne, 1879) and it can be modified by denatura- 
tion  procedures  (Wald,  1935).  This  is  evidence that  visual  purple  is 
resistant to denaturation by bile salts.  It is possible, however, that visual 
purple in the eye is a heavy weight protein similar to the tobacco mosaic 
virus.  The effects of detergents and bile salts on visual purple are now 
being studied by Wald. 
Because of their great penetrating and  solvent powers the  detergents 
will surely be used for the extraction of many biological substances.  It will 
be important in each case to discover whether the substance extracted is 
modified by  the  detergent. 
Physiological  Effects of Bile Salts.--Bile salts emulsify fat, activate lipase, 
promote the absorption of various substances,  and stimulate the flow of 
bile  (Sobotka,  1937).  All substances with the detergent type of hydro- 
phobic-hydrophilic structure can emulsify fats.  It may be that the bile M.  L.  ~SON  243 
salts  are  simply biological detergent molecules whose specific structures 
are of secondary importance. 
Lysis and Bactericidal Action.--The lysis of red blood cells and the killing 
and lysis of bacteria by detergents and bile salts have often been studied. 
Some  of  the  widely  used  bactericidal  agents,  such  as  hexylresorcinol, 
have the detergent type of hydrophobic-hydrophilic structure. 
Detergents of the Duponol series prevent the growth of Gram-positive 
bacteria  even when the concentration of detergent is only 0.03  per cent 
(Cowles, 1938).  Under the same conditions the growth of Gram-negative 
bacteria  is  not prevented. 
I have found that if enough Duponol PC is added to red blood corpuscles 
not only are the cells lysed but the hemoglobin is denatured.  It is likely 
that a detergent has some effects on both red cells and bacteria even when 
too little detergent is added to cause lysis and that if an excess of detergent 
is added to bacteria there is denaturation of enzyme proteins, some of which 
(White,  1938~), may be necessary for lysis.  In studying the poisoning, 
killing, and lysis of bacteria by detergents it is desirable, therefore, that the 
detergent be added in a whole series of concentrations and not in only one 
concentration as is often done.  The effects of detergents on bacteria are 
now being examined in detail by Dubos. 
So far as I  know there has been no systematic study of the toxicity and 
bactericidal powers of detergents in  vivo or of  the  relative  affinities of 
detergents for bacterial cells and for tissue cells and proteins.  The in vivo 
experiments with pneumococcus summarized by White (1938  s) were carried 
out before the modern detergents were available. 
The relation between chemical structure and surface activity and bac- 
tericidal action is discussed by Biirgi and Laubenheimer (1931). 
Secretion.--Substances with the  detergent type of hydrophobic-hydro- 
philic structure promote secretion by the liver and the kidney (H6ber, 1939). 
It should be pointed out that there is no evidence at present that the 
effects of detergents on physiological systems are due to protein denatura- 
tion,  although protein denaturation must now always  be  considered as 
a  possibility. 
Monolayers.--Effects  of  detergents on  various  monolayers have  been 
described by Rideal (1939). 
Detergent Micelles.--There are two interesting properties of the synthetic 
detergents themselves which should be called to the attention of biochemists. 
Chapter II (White, 1938). 
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As a result of three dimensional orientation the detergents form in solution 
large micelles of fairly definite size (Hartley,  1936).  Each micelle consists 
of  a  hydrophobic  core  surrounded  by  a  hydrophilic  shell.  There  is  an 
equilibrium between  the  large  micelles  and  single  detergent  ions which, 
like  the  equilibrium between native  and denatured protein,  is extremely 
sensitive to temperature.  In both the dissociation of the large detergent 
micelle  and in the  denaturation of protein many bonds of  a  single large 
molecule are broken in an all or none reaction.  In the dissociation of the 
detergent  micelle  a  large  number of  smaller  molecules  is formed  and  so 
the equilibrium is also sensitive to the detergent concentration. 
Insoluble  Potassium Salts  of  Detergents.--Some  detergents,  such  as 
Duponol  PC,  form  insoluble potassium  salts  under  the  same  conditions 
under which both the sodium and calcium salts are soluble.  Apparently 
the  small  difference  between  sodium  and potassium  can make  a  crucial 
difference in the formation of large insoluble complexes.  This sort of phe- 
nomenon may account for the specific differences in the properties of sodium 
and potassium in biological systems. 
Sreenivasaya and Pirie reported that phosphates and other buffers form 
insoluble compounds with sodium dodecyl sulfate.  Presumably the potas- 
sium salts of  the buffers were  used. 
EXPERIMENTAL 
Preparation  of Hemoglobin.--The  preparation of hemoglobin for  the estimation of 
proteinase  (Anson,  1938)  has  now  been  slightly modified.  Washed  beef  red  blood 
corpuscles  are shaken vigorously with a  seventh their volume of toluene and allowed 
to  stand a  day or more at  5°C.  The  stromata and  almost all the toluene are then 
removed by filtration with  the  aid of Hyflo Super-Cel (Johns-Manville).  The filter 
cake is  washed with  a  little water and  the filtrate dialyzed in  cellophane tubing as 
previously described.  The remainder of the toluene is removed by this dialysis.  If the 
toluene treatment is omitted a  slime is formed on the cellophane which makes dialysis 
less efficient and there is sometimes bacterial growth. 
Methemoglobin is prepared by  the  addition of an  excess of ferricyanide and  the 
excess ferricyanide is  then  removed by  dialysis. 
Optical Test for Denaturation.--The detergent or bile salt is added to 10 cc. of a solution 
containing 10 rag. of dialyzed beef methemoglobin and 1 drop of 1 M buffer containing 
equal parts Na2HPO4 and NaH2PO4.  The detergent is neutralized if it is not neutral 
to begin with.  Table I  shows  the amount  of detergent or bile salt needed to  cause 
the rapid disappearance of the band in the red.  This procedure gives only rough com- 
parative results which is all that was desired.  The reaction can be followed quantita- 
tively using a colorimeter and monochromatic green or red light.  Green light is absorbed 
more strongly by denatured than by native methemoglobin (Anson and Mirsky, 1934). 
Red light is absorbed more strongly by native than by denatured methemoglobin.  In 5.  L.  A~SO~  245 
some cases,  the  denatured  methemoglobin is  partly dissociated into oxidized or ferri 
heine  4 and denatured globin. 
Solubility  and Digestibility Tests.--3 cc. of 10 per cent Duponol PC and 2 cc. of 1 x~ 
pH 6.8 phosphate buffer are added to 70 cc. of 2.5 per cent dialyzed beef oxyhemoglobin. 
The solution is  dialyzed overnight against  cold distilled  water in a  shaking dialyzer. 
The dialyzed denatured hemoglobin remains in solution, which shows the great affinity 
of Duponol PC for denatured  hemoglobin, ~ and  it  has  the  same spectrum  as  before 
dialysis, with no band in the red.  The dialyzed hemoglobin is completely precipitated 
by 0.1  saturated  ammonium  sulfate  and  is  digested  by trypsin  about  as  readily  as 
denatured hemoglobin in urea solution  (Anson,  1938). 
The excess  Duponol PC is dialyzed away before the solubility and digestibility tests 
are carried out to avoid any interference by Duponol PC with the precipitation by salt 
and to avoid any inactivation of trypsin by Duponol PC. 
Prevention  of  Trichloracetic Acid  Precipitation.--0.2  N  trichloracetic acid  does not 
precipitate hemoglobin in 1 per cent solution if 1.3 per cent Duponol PC is present. 
Colorimetric E,  stimation of Hemoglobin with Duponol PC.--The final solution contains 
1 per cent Duponol PC, 0.04 ~  pH 6.8 sodium phosphate, and about  1 mg. of hemo- 
globin per co.  The colorimeter reading is the same 1 minute and 60 minutes after the 
Duponol is  added.  It is  the  same whether  the Duponol is  added  to oxyhemoglobin 
or methemoglobin. 
Lysis  of Red Blood  Cells.---0.2 co.  of centrifuged  washed  horse  corpuscles  is  sus- 
pended in 5 co. of 1 per cent NaC1 solution.  The addition  of 1 drop of 10 per cent 
Duponol PC causes lysis.  If too much Duponol PC is added not only are the corpuscles 
lysed  but  the  hemoglobin  is  denatured. 
Effects on Bacteria.--Bacterial  growth does not appear in the 0.1 per cent hemoglobin 
solution containing 1 per cent Duponol PC, even if the solution is allowed to stand at 
37°C. for weeks.  In the absence of Duponol there is a rapid growth of bacteria under 
these conditions. 
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